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. 

I n  t h i s  no te  w e  d i s c u s s  t h e  effect  of n e u t r i n o  processes  i n  

de l ay ing  or s topping  helium burning (and carbon burning) i n  c e r t a i n  

r e d  g i a n t s .  I n  a prev ious  paper (Chiu 1963) w e  have c a l c u l a t e d  

t h e  n e u t r i n o  energy f lux  f r o m  t h e  core of a red  g i a n t  model such 

a s  w a s  s tud ied  by Schwarzschild and Se lberg  (Schwarzschild and 

Selberg 1962) ( t h e  n e u t r i n o  process  considered is  t h e  plasma 

n e u t r i n o  process  (Adams e t  a 1  1963) ) .  The r e s u l t  is: 

L, = neu t r ino  energy f l u x  i n  t h e  core 

= 2.8 Lo 

Lg = g r a v i t a t i o n a l  energy f l u x  f r o m  t h e  c o r e  

= 13.6 L, (1) 

A red  g i a n t  has  a h ighly  degenerate  helium core of mass around 0.53 Ma, 

surrounded by a hydrogen burning s h e l l  and an extended convect ive 

envelope. The s t r u c t u r e  of the  core is i n s e n s i t i v e  t o  i t s  tempera- 

t u r e  ( s i n c e  t h e  p r e s s u r e  of a degenerate  e l e c t r o n  gas  depends only 

on t h e  d e n s i t y ) .  The temperature g r a d i e n t  i n  t h e  core is given 

by t h e  f a m i l i a r  expression:  

A l l  symbols have t h e i r  u sua l  meaning. The d i f f e r e n c e  between t h e  

temperature  a t  t h e  c e n t e r  of t h e  core Tc and t h a t  a t  t h e  burning 

edge Te is  



, 
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The i n t e g r a l  may be approximated by assuming t h a t  it i s  p ropor t iona l  

t o  t h e  value of Lr a t  t h e  boundary of t h e  c o r e  (denoted by L v ) .  

refers t o  t h e  r a d i a t i v e  p a r t  of t h e  g r a v i t a t i o n a l  energy f l u x .  

Ly 

Thus 

Ly = Lg - L, ( 4 )  

Because of L,, t h e  a c t u a l  temperature a t  t h e  c e n t e r  w i l l  be less 

than  t h a t  wi thout  t h e  n e u t r i n o  process .  L e t  t h e  d i f f e r e n c e  be 

AT,, t h e n  it is easy  t o  see 

w h e r e  AL = L,. 

For t h e  c o r e  of a r ed  g i a n t  Lg is  p r o p o r t i o n a l  t o  d M C O r e  
d t  

t h e  r a t e  a t  which t h e  burning shell adds mass t o  the core. 

dMcore is propor t iona l  t o  the  o v e r a l l  luminos i ty  L which  is  
d t  

p r o p o r t i o n a l  t o  a c e r t a i n  power K of Mcore: 

dMcore K 
Lg a d t  a L a %ore 

From Schwarzschi ld ' s  r e s u l t  we  f i n d  K = 5.8. I n  o rde r  t o  compen- 

s a t e  f o r  n e u t r i n o  loss, Lg must be inc reased  by a corresponding 

amount L,; t h i s  corresponds t o  an i n c r e a s e  of t h e  c o r e  mass AMcore 

g iven by 

- AL x K  AMcore 
Lg %ore 

(7) 
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From E q s .  (11, (51, (71 ,  we f ind  

f i z z  0.2 
L9 

- -- A'core - 'a* K Mcore 

S ince  i n  t h e  plasma neu t r ino  process  t h e  energy l o s s  r a t e  i n c r e a s e s  

a s  t h e  d e n s i t y  i n c r e a s e s  ( a n d =  f o r t i o r i ,  a s  t h e  core  mass 

i n c r e a s e s ) ,  Eq. (8) g i v e s  t h e  lower l i m i t  (bur  r a t h e r  c l o s e  t o  

t h e  a c t u a l  va lue  i n  our  example) for  t h e  i n c r e a s e  i n  t h e  co re  mass 

necessary  t o  r a i s e  i t s  temperature t o  t h e  helium burning p o i n t .  

For a core mass of around 0.6 % t h i s  g i v e s  a value of 0.02 Ma. 

T h e  de l ay  i n  t i m e  i s  around 3 . 5 ~ 1 0 ~  y e a r s  ( i n  t h e  model s tud ied  

by Schwarzschild and S e l b e r g ) .  S ince  t h e  value of mass of t h e  

degenera te  core a t  t h e  h e l i u m  burning p o i n t  is not  s e n s i t i v e  t o  

t h e  t o t a l  s t e l l a r  mass f o r  r e d  g i a n t s  of masses from 0.7 Ma t o  

1.3 Ma (Hayashi, p r i v a t e  communication), Eq.  (8) is  v a l i d  f o r  red  

g i a n t s  of t h e s e  mass ranges.  Hayashi (Hayashi 1962) has computed 

t h e  e v o l u t i o n  of smal l  red g i a n t s  i n t o  w h i t e  dwarfs and he has  

found t h a t  s t a r s  of mass around 0.6 Mo w i l l  no t  go through helium 

burning s t a g e ,  

w i l l  n o t  change h i s  r e s u l t  by much. 

va lue  0.6 Mo agrees  w e l l  w i t h  t h e  accepted value f o r  t h e  average 

mass f o r  w h i t e  dwarfs.  

On  t h e  b a s i s  of our  computation t h e  n e u t r i n o  p rocess  

It may be remembered t h a t  t h e  

The same a n a l y s i s  may no t  be app l i ed  t o  a s t a r  j u s t  p r i o r  
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. 

t o  carbon burning s t a g e .  Because t h e r e  t h e  n e u t r i n o  f l u x  i s  

very l a r g e  (- lo5  Lo), its pe r tu rb ing  e f f e c t  on s t e l l a r  s t r u c t u r e  

is  n o t  n e g l i g i b l e .  

I would l i k e  t o  thank Professor  C. Hayashi f o r  d i s c u s s i o n s .  
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